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PRELIMINARY INVESTIGATION OF THE EFFECTS OF BODY
CONTOURING AS SPECIFIED BY THE TRANSONIC AREA RULE ON
THE AERODYNAMIC CHARACTERISTICS OF A DELTA WING-BODY

COMBINATION AT MACH NUMBERS OF 1.41 AND 2.01

By Harry W. Carlson
SUMMARY

An investigation has been performed in the Langley 4- by h-foot
supersonic pressure tunnel to determine the effects of body contouring
(indentation) as specified by the transonic drag-rise area rule on the
serodynamic cheracteristics of a delta wing—body combination at Mach
numbers of 1.41 and 2.01.

Body contouring reduced the zero-1ift drag of a delita wing-body
combination from that of the basic wing-body combination without con-
touring by 18 percent at a Mach number of 1.41 and 6 percent at a Mach
nurber of 2,01. BHowever, the amount of this drag reduction due to
contouring and the amount due to the change in fineness ratio cannot
be determined. ' The maximum lift-drag ratio was increased from 6.30 to
6.95 at a Mach number of 1.41. Little effect was noticed on the slope
of the 1ift cuxrve, the piltching moment, or the drag due to 1Lift. 1In the
practical applications of contouring, the drag advantages must be weighed
against volume and frontal-area changes.

INTRODUSTION A,
[T e v : ..-\

Considerable work has been done and is being done to establish the
validity of the transonic drag-riee mrea rule (see refs. 1, 2, and 3).
For wing-body combinations it has been shown that, by proper reduction
of body area in the vicinity of the wing, the transonic drag .rise Qaane -
reduced as much as 60 percent and the drag-rise Mach number can Be. "
increased as much as 0.05. Sufficient data have heretofore not be .
available to determine whether the drag reduction realizedat | *aﬁf“;
speeds would persist to any extent at higher speeds. This prelimrnary
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investigation has been conducted to determine whetherlgny of this effect
is apparent at Mach numbers 1.41 angd 2.0l1.

For the purposes of this test, a delta wing-body combinatlon was ..
designed to have the sesme total area at any station as a body of revolu-
tion presented in reference 4 as an optimum body of given length, maximum
diesmeter, and base diameter. In this case, the area rule was spplied to
sections normal to the body axis. It is recognized that this transonic
area rule as applied here might not be the optimum technique for super-
sonle speeds and that consideration should be given to application of
the area rule to sectlions parallel to the Mach lines. However, the
primaery purpose of this investigation was to test transonic designs at
supersonic speeds. T B

SYMBOLS

M free-stream Mach number

Cy, . 1ift coefficient, IL/qS

Cp drag coefficient, D/qS

CDO drag coefficent at zero 1lift .

Cp pitching-moment coefficlent, M'/qSE

L 1ift

D drag

L/D lift-drag ratio <

M! pitching moment about 0.275¢C station

5 wing plan-form area to_ciexgr line of model _

T wing mean aerodynemic chord, ., -

q free-stream dynamic pressurg, pVe/E

o) free-stream density

V“ | free-stream velocity o
o Yon

v engle of attack
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APPARATUS AND METHODS

Models end Installsation

Dimensional details of the confiligurations tested are shown in
figure 1, and photogrsphs of typlcal models sre shown as figure 2.
Figure 3 shows the variation with model station of the total cross-
sectional area for the various wing-body configurations. Dimensional
data not shown in the figures are presented in taeble I.

The interceptor-type body configuration is representative of current
design practice for delta-wing interceptors in the aircraft industry.

The wing had a modified delta plan form with 4-percent-thick
NACA 65A004 airfoil sections parallel to the model plane of symmetry.
The internsl strain-gage balance and sting were attached directly to
the wing. As can be seen 1n the photogrephs, the wing was used with
fences in place; however, previous unpublished results on & simllar
interceptor-type configuraetion have shown that at supersocnic speeds the
fences have negligible effect on the aercdynamic characteristics.

Two additional bodies were designed to be used on the same wing.
One body, designated the full body, was a body of revolution presented
in reference 4 as an optimum body of given length, meximum dlemeter, and
base diameter. A second alternate body, called the contoured body, was
constructed according to the area rule so that the total cross-sectional
area of the wing-body combination at any stetion was the same as that of
the full body alone.

Fourth and fifth configurations were obtained by adding an afterbody
extension to the full and contoured bodies to reduce thelr base area to
approximstely that of the interceptor-type body.

The interceptor-type body was used as a guide in designing the
contoured body. The contoured body without the extension has the same
length as the interceptor body end approximately the same volume. The
contoured body with extension has the same fineness ratio and base
dismeter as the interceptor-type body.

Test Conditions and Accuracy
The tests were performed in the Langley 4- by 4_-foot supersonic

pressure tunnel with the flexible nozzle walls set for nominal Mach
numbers of 1.41 and 2.01.
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The nominal conditions for the test were:

Mach number . . « ¢« & &+ ¢ o ¢ o o o« o o o o o o o » & 1,41 2.0L

Reynolds number based on € . . « « « « + « - - « 4.8 % 106 3.9 x 106

Stagnation dewpoint, OF . . . . . .« . « ¢ ¢« ¢« ¢ + . . <25 <-25

Stagnation pressure, PBL . « ¢ & ¢ 4 4 4 4 e e e . 1h 14

Stagnaetion temperature, °F . . . . . . . . .. .. . 100 100

From the statlc calibration and reproducibility of the data the
measured perameters were estimated to be accurate within the following
limits:

L v ot ot e e e e e e e e e e e e ... 0,005
CD ¢« v e e e e e e e e e e e e e e e e e e e e e e, 10.0005
G v v vt e e e e e e e e e e e e e e e e e e e ... *0.002

Corrections for sting and model deflections due to aerodynemic loads
have been applied and the angles are estlmated to be accurate within 10.1°.

DISCUSSION OF RESULTS

It must be emphasized that comparisons of the drag levels of the
interceptor~type configuretion and the other configuretions should be
avolded because of the inconsistency of the body shape variables and the
presence of the faired inlets on the interceptor-type body. However, it
ig felt that a cautious comparison of the characteristics other than drag
will aid 1n ascertaining the secondary effects of contourilng.

Characteristics at Zero Lift

The primery purpose of body contouring is to decrease the drag at
zero 1ift. An indication of the effectiveness of this method cen be
geined from an inspection of table II. This table presents zero-lift
total drag coefficlents, base pressure-drag coefficients, and forebody
drag coefficients obtained by subtracting base drag from total drag.
Data are given at Mach numbers of 1.41 and 2.0l for the five wing-body
combinations and for the full body alone. Unless stated otherwlse, the
use of the term drag coefficient will be understood to mean forebody
drag coefficlent; and use of the terms full body, cortoured body, and
go forth will be understood to refer to the corresponding wing-body
combinations. = ==

Table II(a) shows the drag coefficients based on wing area. At =
Mach number of 1.41 the full-body drag coefficient was 0.0167 and that of
the contoured body was 0.0137, representing e drag reduction of 18 per-
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cent. However, contouring the full body produced a drag reduction of
less than 6 percent at a Mach number of 2.01. When the bodies were
fitted with extensions, the contoured body showed 12 percent less drag
at & Mach number of 1.4l and 3 percent at the higher Mach number.

In view of the relsatively small reductions in drag and the sizable
reductions in frontal area and volume brought about by contouring, it is
interesting to compare drag coefficients when based on frontal area and
on volume., The coefficients in table II(b) are nondimensionalized with
respect to the body frontal area. Here there 1s little difference between
the full and contoured bodies at & Mach number of 1.41, but at a Mach
number of 2.01 the full body shows 16 percent less drag then the contoured
body. With coefficients based on volume to the 2/3 power (teble II(c))
the contoured body shows T percent less drag than the full body at
M = 1.41 and 7 percent more drag at the higher Mach number.

In general, it appears that contouring or body indentation permits
drag reductions through the transonic range and into the low supersonic
Mach number range (less than 2) with the favorable effects decreasing
with an increase in Msch number. In the practical applications of
contouring the drag advantages must be welghed against volume and
frontal-area changes. Furthermore, the amount of this drag reduction
due to contouring and the emount due to the change in fineness ratio
cannot be determined. The need for further reseasrch alonyg these lines

is apparent.

Cheracteristics for the Lifting Condition

In figure 4 1ift coefficlent, drag coefficient, and lift-drag ratio
have been plotted against angle of attack for the five configurations and
for two Mach numbers. Figure 5 presents pitching-moment coefficient
plotted against angle of attack and in figure 6 drag due to 1ift has
been plotted against 1ift coefficient squared.

Lift.- Differences in the lift-curve slope for the five configura-
tlone are slight at both Mach numbers. The slope of the 1ift curve for
all configurstions is approximately 0.043 at a Mach number of 1.4kl and
is 0.031 at a Mach number of 2.01.

Lift-drag ratio.- As shown in figure L, at a Mach number of 1.kl
the contoured body had a meximm lift-drag ratio of 6.95, the highest
of any of the configurations tested. The full body had e maximum 1ift-
drag ratio of 6.30 at this Mach number.

At the higher Mach number, the differences in the lift-drag ratios
of the various configurations are less evident. However, it should be
noted that the full body has improved relative to the contoured body.
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Pitching moment.- Pitching-moment coefficient for the various bodies
is shown plotted against angle of attack in figure 5. At a Mach number
of 1.41 the contoured body, which has the greatest exposed wing ares
behind the quarter-chord station, showed the greatest negative value

of 9Cm/d of 0.010k. The interceptor-type body showed the lowest value

of 0.009. The addition of the extensions did not appreciably affect the
pitching-moment coefficient.

Drag due to 1ift.- From figure 6 it is seen that the curves of drag
due to lift plotted against 1ift coefflclent squered are essentially
linear. The full body, with and without an extension, shows slightly
greater incremental drag than the others, because a higher angle of
attack 1s necessary to produce & given 1ift coefficient due primarily
to the smaller exposed wing sares.

CONCLUDING REMARKS

Body contouring as specified by the transonic area rule reduced the
zero-lift drag of a delta wing-body combination from that of the basic
wing-body combinatilon without contouring by 18 percent at a Mach number
of 1.41 and 6 percent at a Mach number of 2.01. However, the amount of
this drag reductlon due to contouring and the amount due to the change
in fineness ratio cannot be determined. The meximum 1iPt-drag ratio was
increased from 6.30 to 6.95 at & Mach number of 1.41.

The contouring had little effect on the slope of the 1ift curve,
the pitching moment, or the drag due to lift.

In general, it appears that contouring or body indentation using
the transonic area rule permits drag reductions through the transonic
range and into the low supersonic Mach number range (less than 2), with
the favorable effects decressing as the Mach number increases. In the
rractical application of contouring, drag advantages must be weighed
against volume and frontal-area changes. . —

Lengley Aeronsutical Leboratory,
Natlional Advisory Committee for Aeronsutics,
Langley Field, Va., June 12, 1953.
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TABLE I

MODEL DIMENSIONAL DATA

Base Wing Body
Configuration [Len&th,|Body frontal| greq |Volume, | gres |fineness
in. erea, sq in. sq in.| ¢ in. sq in.| ratio
Interceptor-type
body 30.25 10.05 5.10 255 23k 8.46
Full body 30.25 15.92 8.95 300 234 6.72
Contoured body 30.25 12.65 8.95 2h9 234 T.55
Full body plus
extension 33.37 15.92 5.0k 322 234 T.42
Contoured body :
plus extension| 33.37 12.65 5 .04 271 234 8.32



TABLE IT

DRAG COEFFICIENTS AT ZERO LIFT FOR THE SEVERAL

WING-BODY COMBINATTONS TESTED

M=11 M=2.01
Configuration Cp of] Cy of Cp of | Cp of
Total Cp | pege fo]r)ebody Total Op | e foﬁebody
Contoured body 0.0200 |[0.0063| 0.0137 | 0.018% |0.0056| 0.013%
Full body 0217 .0050 L0167 0150 0049 L0141
Contoured body with
extension .0179 0008 0171 .0170 .0016 L0154
Full body with extension .0197 0003 0194 0173 .001h 0159
Full body, no wing L0116 .0038| .0078 0105 0041 0064
Full body with extension,
no wing .0100 .0005 .0095 L0094 .0010 0084
Interceptor-type body .0208 .0016 .0192 L0194 .0022 0172
SHAGT
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TABLE IX.- Continued

IRAG COEFFICIENTS AT ZERO LIFT FOR THE SEVERAL

WING-BODY COMEINATIONS TESTED

(b) Coefficients based on body frontael area

M=1.b1 M= 2.01
Configuration Total Gy C:P“c‘)f ncDof |gotaz o cD of -CD ‘ o::f'
- base | forebody ~ | base | forebody
Contoured body 0.370 | 0.117 | 0.253 0.350 0.104 0.246
Full body .318 073 245 .279 .072 .207
Contoured body with
extension 331 .015 316 .31k .030 285
Full body with extension .28 .00k 285 254 .020 234
Full body, no wing .170 .056 1k .156 .060 .094
Full body with extensiom,| | |
no wing 146 007 139 .138 .015 .123
Interceptor-type body 485 .037 548 JAi52 .05L R:To) N
SNACA”
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TABLE II.- Concluded
TRAG COEFFICIENTS AT ZERQ LIFT FOR THE SEVERAL

WING-BODY COMBINATIONS TESTED

o
B
h
&
£
&
Wi
&
Ui

(c) Coefficients based on (body volume)a/ 5

r——
CLANOD

fu

SN

M= 1.1 M =2.01
Configuration ot o 10D 0f] Cp of | . {Cp of | Cp of
oL D | page forebody *otal YD | vase forebody
Contoured body 0.118% 0.0372 | 0.0811 0.1119 0.033L| 0.0788
Full body .1130 .0260 .0870 .0989 L0255 L0734
Contoured body with
. extension .0990 . OO0l L0946 0gh2 .0089 .0853
Full body with extension 097k .0015 .0959 .0855 .0069 .0786
Full body, no wing .0604 .0198 .0l06 0546 .0213 .0333
Full body with extension,
no wing L0495 .0025 .0470 .ol6h .004k9 .0k15
Interceptor-type body .1208 .0093 1115 .1128 .0128 .1000

0




ftmr— 8. 32— n.e
2TSELT
__80*

- SMLL-

\-j«-

28.98
—Inlet fairings

——F

50.25

Interceptor — type wing-body

N |
s‘n 11K

w2\
Sta 21.33
; Sta 2768

8ta B.55 L/ — Sta 29.55
Sta 4554 [~ Sta 30.25
Ata 11.58

Interceptor —type body sections

—— 0,52 4—-‘

~

NACA 65A004 Secﬁonsz ']*"

28.98

Afterbody extension—

Ty
o — :,éE}
===t}
30.28
3337
Modified configuration
Modified fusslage
Coordingtes
Contoured Full
Sta R Ste R
.gO .0 .00
4 N
D2 T F. NACA
23] Z| 6.06] 1,22 !
0 .69| p.08| 1,69
.10 B88]12.10 B9
2, | 005, 2,
'h.'g '.ﬂ'“ﬁ, XL
S8 LI TN 2 20
4 2 . 24.20 2.0 2
- 27.23 B4
8.4 .
[30.25] 1.68130,26] 1.68

Figure 1.~ Test models. All dimensions are in inches unless otherwise noted.
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(a) Interceptor—type body.

{b) Full body with exténsion.

Figure 2.~ Photographs of typleal models.
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Figure 5.- Variation of totel cross-sectional mres with length for the

several wing-body combinations.
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Gonfigurations
O Interceptor—type body o Full body A Contoured body
8
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o
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Angle of attack, a, deg

(a)

M=1.41.

Angle of attack,a, deg

(p) M =2.01.

Figure L4.- Variation of 1lift coefficlent, drag coefficient, and lift-drag
retio with angle of attack for the various wing-body combinations.
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Configurations

0 Interceptor ~type body O Full body with extension ¢ GContoured body

Lift-drag rafio, %

Drag coefficient, G

Lift coefficient, G

with extension
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"o 2 4 6 8 10 12 2 0 2 4 els sla 1L 2

Angle of attack, a, deg Angle of attack, a, deg

(a) Concluded. (b) Concluded.

Figure L.- Concluded.
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Configurations
= \T
O Interceptor— type body o Full body
a Contoured body o Full body with extension o Confoured body
with extension
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Angle of attack, a, deg Angle of attack, a, deg

(@) M=141. (b) M=2.0l

Figure 5.- Variation of pitching-moment coefficient with angle of attack
for the various wing-body configurations.
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.
2 Interceptor-type body O Full body
4 Contoured body " o Full body with extension ¢ Confoured body
with extension

10
08
06 ﬁ
04 /

»

Q
o

(@]

N\
);

Drag due to lift, AC,
o
[
|
|

A\

/]

- /’/ %l
02 SUNACA T —
OO 04 08 2 16 20 24 0 04 08 12 16 20 24
Lift coefficient squared, CE Lift coefficient squared, Cf
(a) M=L41. (b} M=2.0L.

Figure 6.- Varistion of drag due to lift with 1lift coefficient squared
for the varlous wing-body configurstions.
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